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Abstract
This paper proposes a simple method to measure and compare the average relative return
contribution of proposed risk factors. The method is applied to six common risk factors,
including market, size, value, momentum, profitability, and investment, using 49 U.S. industry
portfolios in the period 1969 to 2014. We find that the average relative return contributions of
the market factor and mispricing alpha are highest in all models and sample periods. When
multifactors are included, their main effect is to reduce the contribution of the average market
factor return with some reduction in the contribution of mispricing alpha.
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1. Introduction
The theoretical development of the capital asset pricing model (CAPM) by Sharpe (1964),
Lintner (1965a, 1965b), and Mossin (1966) ushered in a new era of empirical research on asset
pricing models. The CAPM posits that the market portfolio located on the Markowitz (1952)
efficient frontier can be utilized to measure the beta risk of assets that accounts for crosssectional variation in required rates of returns. Unfortunately, as surveyed by Fama and French
(2004), extensive tests consistently reject the CAPM’s prediction of a positive relation between
beta and average stock returns. The failure of the market factor to adequately explain stock
returns led to the exploration of other factors that might be useful (hereafter multifactors). Wellknown studies by Fama and French (1992, 1993, and 1996) propose that the CAPM should be
augmented with size and value factors. This three-factor model was augmented by Carhart
(1997) using a momentum factor developed by Jegadeesh and Titman (1993). Recent work by
Fama and French (2015) advanced a five-factor model using market, size, value, profitability,
and investment factors. Other studies have proposed the usage of various macroeconomic
factors. The growing list of multifactors naturally raises a number of questions. What are the
relationships between different factors? How can the relative importance of different factors be
evaluated? Regarding the latter, it is possible that their joint characteristics are more important
than individual separate effects.
This paper proposes a new and intuitive measure of the contribution of individual risk
factors to the required rate of return for a set of portfolios. To assess the average relative impact
of each individual risk factor on the portfolio’s required rate of return, we develop a novel metric
dubbed the average relative absolute return contribution ARARC. This measure summarizes in
percentage terms the average expected return contribution of each risk factor to the total
3

expected return. As such, the ARARC offers asset managers a tool to monitor the relative impact
of different risk factors on the expected return of a set of assets (portfolios). Standard regression
tools such as t-values, and R-squares focus on explaining the variation of asset returns.
However, asset managers also need tools to evaluate what the relative impact of different risk
factors on expected returns i.e., what factors should be used to minimize the impact of alpha
returns. Thus, the ARARC can be used in conjunction with traditional measures to better
evaluate the role of various risk factors.
Based on returns of 49 U.S. industry portfolios in the period July 1969 to December
2014, our empirical results show that major return contributions come from the market risk
factor as well as the mispricing component, or alpha return, in the traditional market model. By
comparison, the contributions of multifactors, such as size, value, momentum, profitability, and
investment, are relatively smaller. Moreover, the average absolute return contribution of
multifactors is partly overlapping with the market risk factor.
Our empirical results support the view that multifactors might not be separate risk factors
but help to jointly in combination with a market index identify the market factor. According to
this interpretation, previously conjectured by Shanken (1987) and Shanken and Weinstein
(2006), the multifactors empirically compensate (to some extent) for poor single-factor proxies
for the market portfolio. The Roll (1977) critique posits that the CAPM cannot be tested due to
the inability to adequately proxy the market portfolio returns. In this regard, it is well known that
equal- and value-weighted market indices have failed as market proxies to support the CAPM in
empirical tests. We find that augmenting such single-factor indices with various multifactor
portfolio returns tends to improve the overall fit of the asset pricing model.
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The paper is organized as follows. Section 2 presents a brief overview of relevant
research. Section 3 presents the new measure for average relative risk factor return contribution.
Section 4 describes the data. Section 5 reports the empirical findings. Section 6 gives the
summary and conclusion.

2. Literature review
In a thorough review of the research on the cross-section of expected stock returns,
Subrahmanyam (2010) concluded that, although more than 50 variables have been used to
predict stock returns over the last 25 years, no consensus exists. He recommended further work
to take into account the correlation among the variables and determine if the results survive
simple variations in methodological approaches. Another review of major empirical findings by
Jagannathan, Schaumburg and Zhou (2010) compared results using alternative econometric
approaches (e.g., traditional regression versus GMM) with respect to both unconditional and
conditional asset pricing models. An excellent overview of theory and evidence on the CAPM is
provided by Fama and French (2004).
Research on multifactors accelerated after Fama and French’s (1992, 1993) papers on the
shortcomings of the CAPM and their now famous three-factor model. In light of earlier work by
Basu (1977), Stattman (1980), Banz (1981), Rosenberg, Reid, and Lanstein (1985), and Bhandari
(1988) on patterns in the cross-section of stock returns missed by market betas, Fama and French
(1992, 1993) augmented the market factor with size and value (book-to-market equity) risk
factors. The intuition is that the additional factors compensate for financial distress risk that is
not fully captured by the market factor. This line of reasoning has been further explored by
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Amihud (2002), Griffin and Lemmon (2002), Arshanapalli, Fabozzi, and Nelson (2006),
Campbell, Hilscher, and Szilagyi (2008), and Simpson and Ramchander (2008).
Based on momentum findings identified by Jegadeesh and Titman (1993), Carhart (1997)
further augmented Fama and French’s three-factor model by including a momentum factor (see
also Grinblatt and Moskowitz, 2004). Subsequent studies have shown that momentum is both
market dependent (see Chordia and Shivakumar, 2002 and Cooper, Gutierrez, and Hameed,
2004) and credit quality dependent (see Avramov, Chordia, Jostova, and Philipov, 2007).
It is possible that the market factor is comprised of a variety of risks. Hamada’s (1972)
famous corporate finance paper on capital structure shows that levered betas are a function of
unlevered beta and risk associated with financial leverage. Merton’s (1973) Intertemporal CAPM
(ICAPM) hypothesizes that the market beta of a firm can be decomposed into two different parts,
wherein one part stems from covariance with cash flows and the other part from covariance with
discount rates. Campbell and Vuolteenaho (2004) empirically found that the former cash flow
covariance is priced by the market. Armstrong, Knif, Kolari and Pynnönen (2012) demonstrated
that market beta can be decomposed into a universal risk component with no exchange rate risk
exposure and another component capturing the exchange rate risk of the asset. Perhaps
multifactors are components of the market factor also. In this regard, some authors continue to
support the CAPM and/or suggest that the augmented Fama-French factors might not be risk
factors after all (Chan and Lakonishok, 1993; Grundy and Malkil, 1996; Daniel and Titman,
1996; Loughran, 1997; Griffin, Ji, and Martin, 2003; Tai, 2003; Petkova, 2006; Levy, 2009; Da,
Guo and Jagannathan 2012; and Arnott, Hsu, Liu, and Markowitz, 2014).
Fama and French (2015) recommended a five-factor model containing market, size,
value, profitability and investment as factors. They argued that this new model outperforms other
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asset pricing models and therefore should be used to obtain expected returns in practice. Fama
and French (2016) presented supporting international empirical evidence for their five factormodel. Closely related to the five-factor model, Hou, Xue, and Zhang (2015) proposed a q-factor
model including an investment and a profitability factor (return on equity). The studies by Fung
and Hsieh (2004) and Ammann, Huber and Schmid (2010) have proposed seven-factor and
eight-factor models, respectively. Other studies by Chan, Chen, and Hsieh (1985) and Chen,
Roll, and Ross (1986) tested different sets of macroeconomic variables as factors in asset pricing
(see also Cochrane (2011)).
A theoretical discussion of different asset pricing models is presented in Zhang (2015).
French, Wu, and Li (2016) studied the relative importance of stock characteristics for explaining
stock returns. They evaluated the relative explanatory power of market, size, value, momentum,
volatility, and liquidity factors for the U.K. market. Based on their relative contribution to the fit
of the model and to the proportion of months the factor returns are statistically significant, the
results indicated that momentum (liquidity) is the most (least) important factor.
In a recent study Fama and French (2018) use the maximum squared Sharpe ratio to rank
the models. They also use the intercepts from the time series regression of left hand side
portfolios on model factors. They also use the average squared alpha over the average squared
return as a relative measure while making a distinction between nested and non-nested models.
In this study we go a bit further. By using ARARC we are able to measure the relative impact of
all factors included in the model, plus the important unwanted impact of the mispricing alpha.
This way we can monitor the dynamics of the impact on ARARC as new tentative risk factors
are included. We are not only comparing asset pricing models but also comparing the impact of
individual risk factors within the same model. An added benefit is that this approach does not
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require that models are nested. In sum, the present study contributes to the ongoing discussion of
factor contribution by proposing a simple method to measure and compare the average relative
absolute return contribution of proposed risk factors.

3. Methodology
In line with Zhang (2005), Ang and Chen (2007), and Adrian and Franzoni (2009), we specify
the conditional CAPM model such that the expected return on an asset is proportional to the
conditional market factor loading and the corresponding conditional market factor risk premium,
or

𝑒
𝑒
𝐸𝑡−1 [𝑟𝑖,𝑡
] = 𝐸𝑡−1 [𝛽𝑖,𝑡 ] 𝐸𝑡−1 [𝑟𝑚,𝑡
],

(1)

𝑒
where 𝑟𝑖,𝑡
denotes the excess return on asset i, i=1,…,N, 𝛽𝑖,𝑡 is the market factor loading for
𝑒
asset i, and 𝐸𝑡−1 [𝑟𝑚,𝑡
] is the corresponding conditional market risk premium. The conditional

market factor loading (beta) is defined as
𝑒
𝑒
𝑒
𝛽𝑖,𝑡|𝑡−1 = 𝐸𝑡−1 [𝛽𝑖,𝑡 ] = 𝑐𝑜𝑣𝑡−1 (𝑟𝑖,𝑡
, 𝑟𝑚,𝑡
)⁄𝑣𝑎𝑟𝑡−1 (𝑟𝑚,𝑡
).

(2)

An empirical version of the conditional CAPM model will then take the form
𝑒
𝑒
𝑟𝑖,𝑡
= 𝛼𝑖,𝑡 + 𝛽𝑖,𝑡 𝑟𝑚,𝑡
+ 𝜀𝑖,𝑡 ,

(3)

𝑒
where 𝐸𝑡−1 [𝛼𝑖,𝑡 ] = 0, and 𝜀𝑖,𝑡 are i.i.d. normal and uncorrelated with 𝑟𝑚,𝑡
. A corresponding

empirical multifactor asset pricing model is given by
𝑒
𝑟𝑖,𝑡
= 𝛼𝑖,𝑡 + ∑𝐾
𝑘=1 𝛽𝑖,𝑘,𝑡 𝑓𝑘,𝑡 + 𝜀𝑖,𝑡 ,

(4)

where again 𝛽𝑖,𝑘,𝑡 is the time-varying loading on factor k, k=1,…,K, and 𝑓𝑘,𝑡 is the corresponding
value of the risk factor at time t. Of course, when the factors are uncorrelated, the conditional
factor loadings can be written in the form of equation (2).
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A traditional approach in evaluating the contribution of an individual factor is to utilize
standardized slope coefficients which amounts to multiplying the regression coefficient by the
standard deviations of the corresponding factor. This makes the standardized coefficient reflect
the contribution of one standard deviation change of the factor on the dependent variable (c.f.
Bali, Engle, and Murray 2016, p.96). While standardization makes the slope coefficients
comparable, they reflect the contribution of the variability of the explanatory variable on the
dependent variable. In asset pricing, like CAPM, the focus is in the relation of the expected
return to the underlying risk factors rather than explaining variability in the returns. Accordingly,
our aim is to propose a measure that captures each factor’s contribution to the expected
return/risk factor relationship.
Assuming that the factor loadings are stationary, linear regression will provide unbiased
estimates of the unconditional expectation 𝐸[𝛽𝑖,𝑘,𝑡 ]. Furthermore, according to the basic
characteristics of linear regression, the average residual is equal to zero, and the linear regression
will cross the averages of the dependent and independent variables. As a consequence, at the
mean of factors, all asset pricing models estimated by linear regression deliver by definition the
same expected excess return as the average sample excess return for the portfolio. Hence, at the
mean all models have exactly the same expected excess return independently of which and how
many factors are included. Putting it differently, the estimated single factor model in equation (3)
and the estimated multifactor model in equation (4) will imply the same sample average for the
left-hand variable.1 This provides a plausible benchmarking point for comparing the economic

1

For example taking expectations and dividing by the expected return in equation (3) for each asset yields

𝑒
𝐸(𝑟𝑖,𝑡
)

𝑒)
𝐸(𝑟𝑖,𝑡

=

𝛼𝑖
𝑒)
𝐸(𝑟𝑖,𝑡

+

𝑒
𝛽𝑖 𝐸(𝑟𝑚,𝑡
)
𝑒)
𝐸(𝑟𝑖,𝑡

= 100%. This decomposes the expected return into the part attributed to alpha and the

part attributed to the market factor. A similar expected return decomposition can be applied to any multifactor
model. When comparing across models we chose the one that minimizes the contribution of the alpha return.
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contribution of different individual as well as groups of risk factors in an asset pricing model of
type (4).
Based on this mean benchmarking intuition, we propose a new measure of the individual
economic contribution of a risk factor to the pricing of an asset. More specifically, we define the
average relative absolute return contribution (ARARC) of a risk factor k in a specific model l as
follows
𝐴𝑅𝐴𝑅𝐶𝑘,𝑙 =

1
𝑁

∑𝑁
𝑖=1

|𝐸[𝛽 𝑖,𝑘,𝑡,𝑙 ]|∗𝐸[𝑓𝑘,𝑡 ]
∑𝐾
𝑘=1|𝐸[𝛽 𝑖,𝑘,𝑡,𝑙 ]|∗𝐸[𝑓𝑘,𝑡 ]

∗ 100 ,

(5)

where 𝐾 is the number of factors in model l, and 𝑁 is the number of assets or portfolios. In the
empirical version, the unconditional 𝐸[𝛽𝑖,𝑘,𝑡,𝑙 ] is substituted for the corresponding linear
regression estimate, and the unconditional 𝐸[𝑓𝑘,𝑡 ] is estimated using the total sample average.
The absolute values will control for the confusing effect of some factors having positive and
some negative loadings. The unconditional expected risk premium is assumed to be nonnegative. The mispricing 𝛼𝑖,𝑘,𝑡,𝑙 is treated as a loading with expected premium equal to one.
ARARC can be interpreted as the average percentage absolute contribution of a risk factor to the
excess required return on a portfolio in the sample of test assets. Thus, rather than focusing on a
single asset, ARARC provides a convenient summary of the average return contribution of each
risk factor over the whole sample of test assets. Also, the ARARC for a group of factors is simply
derived as the sum of the individual ARARCs for the factors in the group.

4. Data
As recommended by Lewellen, Nagel, and Shanken (2010) and Grauer and Janmaat (2010), the
present study does not use grouped portfolios based on size, value, or other potential risk factors.
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Instead we utilize exogenous industry portfolios to examine the relative return contribution of
risk factors. Monthly returns for 49 U.S. industry portfolios are sampled over the time period
July 1969 to December 2014. The analysis is also carried out at the industry portfolio level over
three subperiods: July 1969 to December 1984, January 1985 to December 1999, and January
2000 to December 2014. We use the traditional market model with the market excess return as
the single risk factor. The following multifactor models are investigated: Fama-French 3-factor
model, Carhart 4-factor model, and Fama-French 5-factor model. The factors in these multifactor
models are constructed as zero-investment portfolios with long-minus-short positions in
portfolios with high and low values of the corresponding characteristics.2 Comparisons across
the different models is valid even though not all of them are nested.
A summary of descriptive statistics for the six risk factors are presented in Table 1. The
[Insert Table 1]
average return is positive for all risk factors. The corresponding average annual returns are
6.29% for the market, 2.30% for size, 4.41% for value, 8.34% for momentum, 3.54% for
profitability, and 4.41% for the investment factor. These averages are significantly different from
zero at a 5% level for all factors except for the size factor. The standard deviation, skewness, and
kurtosis for the investment factor is low compared to the other factors. By contrast, skewness is
high and negative for market and momentum factors but positive and high for size. Also, kurtosis
is especially high for momentum and profitability.
The contemporaneous unconditional correlations between the six risk factors are reported
in Table 2. Panel A shows that all multifactors are significantly correlated with the market factor
and that all correlations with the market are negative except for size. The investment factor has

2

The data sets are made obtained by Kenneth French at his website.
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html
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the strongest correlation of -0.40 with the market and is also highly correlated with the value
factor, 0.71. The value factor is significantly correlated with all other factors too. The
profitability factor is contemporaneously correlated with all factors except for investment.
However, the investment factor appears to be uncorrelated with momentum and profitability.
These results suggest that none of the six risk factors carry 100% unique information. The
information in the risk factors is overlapping for the most part. This issue is confirmed by the
multiple correlations reported in Panel B of Table 2.
[Insert Table 2]
Multiple correlations are obtained using the positive square root of the HAC-OLS Rsquares from a regression of each factor against the rest of the factors alternatively. The market
factor shares information with both size, profitability and investment. Size shares information
with market and profitability. The value factor contains joint information with momentum,
profitability and investment. The information in momentum overlaps value and investment. The
profitability factor appears to be connected to all other factors except momentum. Lastly, the
investment factor is correlated with all factors except for size.
These empirical descriptive results suggest that, among these six risk factors, the
investment factor contains the least unique individual information with a multiple correlation as
high as 0.76 with the other five factors. Also, the multiple correlation for the value factor is high
at 0.75. For momentum the multiple correlation is lowest at 0.32. For the market factor the
multiple correlation equals to 0.50, which indicates that about 25% of the information in market
returns is shared with the other five risk factors.
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5. Empirical results
To evaluate the economic contributions of different risk factors as well as sets of risk factors, we
assume that the conditional factor loadings are stationary and use linear regressions with
Garch(1,1) volatilities to estimate the expected long-run level of the loading. We estimate four
different asset pricing models: market model, Fama-French 3-factor model, Carhart 4-factor
model, and Fama-French 5-factor model. At the sample average of the risk factors, all four
models have exactly the same expected required return on the portfolio equal to the sample
average return on the portfolio. Hence, at the sample average all four models are comparable,
and the impact of the factors as well as mispricing, on the required return can be evaluated. The
reported results are very robust with respect to alternative estimation methods, such as HACOLS or Egarch because the estimated factor loadings (coefficients) are unbiased and the
estimated risk premium (the average return on the factor) is the same for all models.
Table 3 presents the average relative absolute excess-return contribution of the risk
factors at the sample mean, or ARARC, for the four models. The results for the total sample
period show that for the market model, on average, the relative return contribution is 77% for the
market factor and as high as 23% for mispricing alpha. For the Fama-French 3-factor model the
relative influence of mispricing is slightly lower at 21%, and the contribution of the market
factor decreases to 63%. However, the relative return contribution of the size and value factors
are low at 7% and 10% respectively. The inclusion of the momentum factor in the Carhart 4factor model decreases the contribution of the market factor to 60% and the contribution of the
mispricing alpha is lowest at 18%, compared to the other three models. The relative return
contribution of the momentum factor is 6%. For the Fama-French 5-factor model the return
contribution of the market factor decreases to 52%, and the impact of alpha is 19%. The ARARC
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for size, value, profitability, and investment are 6%, 8%, 9%, and 6% respectively. For the total
sample period, the individual relative return contribution of the multifactors (size, value,
momentum, profitability, and investment) is each under 10%. In the Fama-French 3-factor model
the joint average return contribution of multifactors is 17% compared to 22% in the Carhart 4factor model and 29% in the Fama-French 5-factor model. Using the earlier argument that the
best model is the one that explains most of the alpha return, we can say that the Carhart 4-factor
model is superior followed by the Fama-French 5-factor model. It is significant however that
across all models the market factor makes on average the highest contribution to average returns.
This is important from a portfolio management point of view and it is robust across models.
Related studies focus on the alpha reduction potential of risk factors and pay little attention to the
relative factor contributions. The use of the ARARC allows comparison across factors as well.
[Insert Table 3]
Turning to the results in the first subperiod July 1969 to December 1984, which includes
the oil crisis in early 1970s and the Latin Americas Sovereign Debt Crisis in 1982, Table 4
shows that the return contribution of the mispricing is much higher than for the total sample
period. For the market model, it is 48%, which is considerably higher than the Carhart 4-factor
model at 27%. Additionally, the individual return contributions of the multifactors are now much
higher and almost on par with the return contribution of the market factor. The profitability
factor has the lowest relative return contribution at only about 6%.
[Insert Table 4]
The second subperiod January 1985 to December 1999 includes the Savings and Loan
crises in late 1980s, Stock Market Crash in 1987 (Black Monday), Financial Institutions Reform,
Recovery and Enforcement Act in 1989, Junk Bond Crash in 1989, Tequila Crash in 1994, and
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Asian Crisis in 1997-1998. The results for this subperiod in Table 5 are quite different. The
return contribution for the market factor is high at about 80% in the market model and 67% in
the Fama-French 5-factor model. Again, the contribution of mispricing alpha is lowest for the
Carhart 4-factor model at about 16%. For this subperiod the contributions of the multifactors are
low in all models, and especially so for the value factor which is at less than 0.15%.
[Insert Table 5]
The third subperiod January 2000 to December 2014 covers the Dotcom Bubble and its
aftermath as well as the Global Financial Crisis of 2007-2008. The results for this subperiod in
Table 6 are similar to those in the first subperiod July 1969 to December 1984. The return
contribution of the market factor is relatively lower and ranges from 53% to 32% (i.e., lowest in
the Fama-French 5-factor model). Also, the impact of mispricing alpha is lowest in the FamaFrench 5-factor model for this subperiod at about 20%.
[Insert Table 6]
Generally, the contributions of different risk factors vary depending on the sample period
in which the estimates of risk premiums (the average return on the risk factor) vary. As the
subperiod is shortened, higher variation is expected. However, in our tests of 49 industry
portfolios, the individual average relative return contributions of the market factor and
mispricing alpha are highest in all models and over the total sample period as well as in all three
subperiod. If multifactors are included, the reduction in average market factor return contribution
can be as high as 50% (i.e., in the first subperiod). These results suggest that the role of
multifactors in the asset pricing model, from a return contribution point of view, is mostly to
subsume the role of the market factor rather than to explain mispricing. This insight supports the
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views of Daniel and Titman (1997), Griffin, Ji, and Martin (2003), Tai (2003), and Petkova
(2006), who conjecture that the augmented multifactors might not be separate risk factors.
Our findings that the market factor and the mispricing factor (alpha) are the most
important in explaining average returns provides useful guidance in managing portfolios. From a
portfolio management point of view the implication of these findings is that exposure to the
market factor is the most significant contributor to the risk premium. Equally important, the
resilience of the mispricing factor alpha, suggests that there is ample room for active
management. This conclusion depends on the assumption that the relationship between asst
returns and risk factors is linear and that the model on which alpha is based is correctly specified.

6. Summary and conclusion
This paper proposed a new average relative absolute return contribution measure (ARARC) to
evaluate the average impact of a risk factor on required rates of return. Using several models we
assess the return impacts of six popular risk factors as well as the return contribution of the
mispricing component of the asset pricing model, the so-called alpha-return. The asset pricing
models considered are the market factor in the traditional CAPM market model, the 3-factor
Fama and French model that augments the CAPM with the size and value factors, the 4-factor
Carhart model that additionally augments the model with the momentum factor, and the 5-factor
Fama-French model that includes profitability and an investment factors.
Based on monthly returns for 49 U.S. industry portfolios from July 1969 to December
2014, our empirical results showed that major return contributions come from the market risk
factor as well as the mispricing component. The effect of multifactors, such as size, value,
momentum, profitability, and investment, is to decrease the individual return contribution of the
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market factor to a greater extent than to reduce the effect of the mispricing. The average relative
absolute return contributions of multifactors partly overlap with the contribution of the market
risk factor. The individual average relative return contributions of both the market factor and
mispricing alpha are highest in all models over the total sample period as well as in all three
subperiods. If multifactors are included, the reduction in contribution of average market factor
return can be as high as 50%. We conclude from these findings that multifactors help to jointly in
combination with a market index identify the true market factor.
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Table 1 Summary of descriptive statistics for factors

Mean
Median
Maximum
Minimum
Std. deviation
Skewness
Kurtosis
Jarque-Bera
Probability
Months

Market
Size
0.51
0.19
0.88
0.05
16.10 19.18
-23.24 -15.36
4.60
3.09
-0.54
0.44
4.78
6.87
102.13 392.48
0.00
0.00
546
546

Value Momentum
0.36
0.67
0.33
0.77
13.91
18.38
-13.11
-34.58
2.98
4.39
-0.01
-1.42
5.49
13.79
134.21
2783.81
0.00
0.00
546
546

Profitability Investment
0.29
0.36
0.24
0.23
12.19
9.51
-17.57
-6.81
2.20
2.02
-0.45
0.31
14.14
4.55
2990.29
68.22
0.06
0.00
546
546

Monthly returns from July 1969 to December 2014. Data for risk factors are obtained from Kenneth
French’s website.
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Table 2 Unconditional correlation between risk factors
Panel A. Unconditional contemporaneous correlations
Bold indicates significance at the 5% level or less.
Factor
Market
Size
Value
Momentum
Profitability
Investment

Market
1.00
0.27
-0.32
-0.15
-0.22
-0.40

Size
1.00
-0.13
-0.06
-0.38
-0.09

Value Momentum Profitability Investment

1.00
-0.15
0.13
0.71

1.00
0.09
0.04

1.00
-0.03

1.00

Panel B. Multiple correlations among factors
Estimates are obtained using the positive square root of HAC-OLS R-squares from a regression of the factor on a set
of other factor.
Square
root of
Rsquares

Coefficients

Factor
Market
Size
Value
Momentum
Profitability
Investment

Const.
0.95
0.28
0.01
0.66
0.39
0.25

Market

0.12
-0.01
-0.13
-0.08
-0.09

Size

Value

Momentum

Profitability

Investment

0.25

-0.06
-0.02

-0.12
0.00
-0.13

-0.32
-0.48
0.22
0.25

-0.82
-0.03
1.05
0.60
-0.37

-0.01
0.00
-0.23
-0.01

-0.60
0.22
-0.47

0.05
0.06

-0.17

0.50
0.43
0.75
0.32
0.47
0.76

Monthly returns from July 1969 to December 2014. Data for market, size, and momentum are obtained from
Kenneth French’s website
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Table 3: Average relative absolute excess-return contribution of risk
factors at mean (ARARC) Garch(1,1) estimation
Total sample July 1969 to December 2014
FamaFrench
3-factor
model

Market
model

ARARC
Mispricing (alpha)
Market factor
Size factor
Value factor
Momentum factor
Profitability factor
Investment factor
Sum

22.84
77.16

20.59
62.68
7.04
9.69

100.00

100.00

Carhart 4factor
model
18.35
59.87
6.71
9.20
5.87

100.00

Fama
French 5factor
model
18.77
51.93
5.80
8.01
9.30
6.19
100.00

Results are based on the Fama-French 49 industry portfolios using monthly returns from July
1969 to December 2014. Data for industry portfolios, market, size, and momentum, profitability,
and investment are obtained from Kenneth French’s website. The ARARC is calculated as
𝐴𝑅𝐴𝑅𝐶𝑘,𝑙 =

1
𝑁

∑𝑁
𝑖=1

|𝐸[𝛽 𝑖,𝑘,𝑙 ]|∗𝐸[𝑓𝑘 ]
𝐾
∑𝑘=1|𝐸[𝛽 𝑖,𝑘,𝑙 ]|∗𝐸[𝑓𝑘 ]

∗ 100 ,

where 𝐾 is the number of factors in model l, and 𝑁 is the number of assets or portfolios. In the
empirical version, the unconditional 𝐸[𝛽𝑖,𝑘,𝑡 ] is substituted with the corresponding regression
estimate, and the unconditional 𝐸[𝑓𝑘,𝑡 ] is estimated with the total sample average.
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Table 4: Average relative absolute excess-return contribution of risk factors at mean
(ARARC) Garch(1,1) estimation
Total sample July 1969 to December 1984
FamaFrench 3factor
Carhart 4Fama French
ARARC
Market model
model
factor model 5-factor model
Mispricing (alpha)
Market factor
Size factor
Value factor
Momentum factor
Profitability factor
Investment factor
Sum

48.06
51.94

100.00

31.48
26.74
19.68
22.10

100.00

27.18
22.80
17.79
19.06
13.17

100.00

30.39
19.96
14.87
15.32
5.57
13.89
100.00

Results are based on the Fama-French 49 industry portfolios using monthly returns from July
1969 to December 1984. Data for industry portfolios, market, size, and momentum, profitability,
and investment are obtained from Kenneth French’s website. The ARARC is calculated as
𝐴𝑅𝐴𝑅𝐶𝑘,𝑙 =

1
𝑁

∑𝑁
𝑖=1

|𝐸[𝛽 𝑖,𝑘,𝑙 ]|∗𝐸[𝑓𝑘 ]
𝐾
∑𝑘=1|𝐸[𝛽 𝑖,𝑘,𝑙 ]|∗𝐸[𝑓𝑘 ]

∗ 100 ,

where 𝐾 is the number of factors in model l, and 𝑁 is the number of assets or portfolios. In the
empirical version, the unconditional 𝐸[𝛽𝑖,𝑘,𝑡 ] is substituted with the corresponding regression
estimate, and the unconditional 𝐸[𝑓𝑘,𝑡 ] is estimated with the total sample average.
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Table 5: Average relative absolute excess-return contribution of risk factors at mean
(ARARC) Garch(1,1) estimation
Total sample January 1985 to December 1999
FamaFrench 3factor
Carhart 4Fama French
ARARC
Market model
model
factor model 5-factor model
Mispricing (alpha)
Market factor
Size factor
Value factor
Momentum factor
Profitability factor
Investment factor
Sum

20.22
79.78

100.00

17.13
76.66
6.07
0.14

100.00

15.79
70.95
4.63
0.12
8.51

100.00

18.37
66.70
4.70
0.14
6.62
3.48
100.00

Results are based on the Fama-French 49 industry portfolios using monthly returns from January
1985 to December 1999. Data for industry portfolios, market, size, and momentum, profitability,
and investment are obtained from Kenneth French’s website. The ARARC is calculated as
𝐴𝑅𝐴𝑅𝐶𝑘,𝑙 =

1
𝑁

∑𝑁
𝑖=1

|𝐸[𝛽 𝑖,𝑘,𝑙 ]|∗𝐸[𝑓𝑘 ]
∑𝐾
𝑘=1|𝐸[𝛽 𝑖,𝑘,𝑙 ]|∗𝐸[𝑓𝑘 ]

∗ 100 ,

where 𝐾 is the number of factors in model l, and 𝑁 is the number of assets or portfolios. In the
empirical version, the unconditional 𝐸[𝛽𝑖,𝑘,𝑡 ] is substituted with the corresponding regression
estimate, and the unconditional 𝐸[𝑓𝑘,𝑡 ] is estimated with the total sample average.
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Table 6: Average relative absolute excess-return contribution of risk factors at mean
(ARARC) Garch(1,1) estimation
Total sample January 2000 to December 2014
FamaFrench 3factor
Carhart 4Fama French
AARC
Market model
model
factor model 5-factor model
Mispricing (alpha)
Market factor
Size factor
Value factor
Momentum factor
Profitability factor
Investment factor
Sum

46.54
53.46

100.00

30.68
37.70
14.56
17.06

100.00

30.03
37.05
14.40
16.70
1.82

100.00

19.67
31.73
11.98
12.23
13.29
11.10
100.00

Results are based on the Fama-French 49 industry portfolios using monthly returns from January
2000 to December 2014. Data for industry portfolios, market, size, and momentum, profitability,
and investment are obtained from Kenneth French’s website. The ARARC is calculated as
𝐴𝑅𝐴𝑅𝐶𝑘,𝑙 =

1
𝑁

∑𝑁
𝑖=1

|𝐸[𝛽 𝑖,𝑘,𝑙 ]|∗𝐸[𝑓𝑘 ]
∑𝐾
𝑘=1|𝐸[𝛽 𝑖,𝑘,𝑙 ]|∗𝐸[𝑓𝑘 ]

∗ 100 ,

where 𝐾 is the number of factors in model l, and 𝑁 is the number of assets or portfolios. In the
empirical version, the unconditional 𝐸[𝛽𝑖,𝑘,𝑡 ] is substituted with the corresponding regression
estimate, and the unconditional 𝐸[𝑓𝑘,𝑡 ] is estimated with the total sample average.
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